Abstract: Wood/polymer composites are elegant strategies to produce materials with 14 good performance and reduced cost. However, the addition of a lignocellulosic fiber is 15 often responsible for the decreased thermal stability, decreasing their appeal as building 16 materials. Here, we aimed to improve the thermal stability of wood/polypropylene 17 composites through addition of unmodified, low-cost, abundant, ready-to-use kraft lignin.
Introduction 35
Nowadays, polymeric composites prepared by incorporating natural fibers or particles in 36 polypropylene matrices turned in key-materials that have been widely applied as 37 automobile components and packing [1, 2] . By selecting lignocellulosic fillers instead of 38 inorganics, it could be possible to obtain cheaper and greener materials. Besides that, 39 biomass materials are renewable, biodegradable, abundantly and they present high 40 strength-to-density ratio [2] [3] [4] [5] .
41
The incorporation of such biomass-derived fillers often result in decreased thermal 42 stability of the resultant composite, which could be a limitation not only when 43 manufacturing is considered, but also in promising potential applications as fire retardant
44
[6], building and construction [7] . At this stage, if not properly coupled, the incorporated 45 particles or fibers may lead to excessive nucleation of the polymer chain, decreasing its 46 degree of polymerization and crystallinity index. As a consequence, the thermal energy 47 demanded to melt it is in parallel decreased. Some good strategies to overcome this have 48 been addressed by incorporation low loads of inorganic fillers or phosphorous derivatives 49 [8] [9] [10] [11] [12] . However, fortunately, nature provides lignin, the most abundant source of 50 aromatic compounds built up of phenylpropane structures [13] . Due to its aromatic 51 chemical structure, this could be an excellent choice as thermal stabilizer [6] . Also, it is 52 well-known that lignin is the responsible for charcoal formation of wood-derived 53 materials during thermal stress [14, 15] , which can indirectly provide thermal 54 stabilization.
55
Besides its ability to form charcoal, lignin presents chemical anisotropy in its three 56 dimensional matrix [16] . It is not expected that pure unmodified lignin could act as a 57 compatibilizer for wood-polymer composites; however, the hydrophobic and hydrophilic 58 moieties in its composition may help to obtain composites with very good homogeneous characteristics that is often disregarded. composites; however, here we showed how pure and unmodified kraft lignin -replacing 71 wood flour in different ratios -can be used to prepare low-cost bio-based composites.
72
By doing so, it will be possible not only to prepare high-quality wood-polymer 73 composites but also to benefit a by-product from pulp and paper industry. Currently, 70 74 million tonnes of lignin are produced annually in the world and only 5% is used in 75 commercial applications, while 95% is burned for energy production [22] . The kraft 76 process is the main method applied for pulping. In addition, lignin from the kraft process 77 is a realistic prospective to produce high value-added products from biomass [23] the following mass percent combination, described in the subscript numbers: P60W40, P60W36L4, P60W28L12, and P60W20L20. A thermo-kinetic high-shear homogenizer (MH
108
Equipamentos Ltda), operating at 3000 rpm, was used to mix 90 g of each composition.
109
Then, the mixtures were individually thermo-molded using a Marconi MA098/A 110 electrically heated hydraulic press with homogenous distribution of pressure (9 ton) for 
122
The fractured cross-section of the P60W20L20 and P60W40 composites were coated with a were then cooled to 30 °C at a rate of 5 °C/min to determine Tc.
where ∆Hf is the heat of crystallization, W is the mass fraction of P in the composite and As can be seen in Table 2 , the chromaticity coordinates a* and b* decreased with lignin From scanning electron microscopy ( Fig. 1) it was possible to observe that lignin at 20 181 wt% coated the wood fibers, decreasing the volume of voids at the wood/polypropylene 182 interface (Fig. 1f -marked by circle) . In addition, only a few lignin particles were 183 observed in the micrographs (as marked by arrows), showing a good dispersion of lignin 184 in the whole matrix. These lignin particles could be considered as excess of material that 185 tended to agglomerate as spheres.
186
Besides the assumed good interaction, some gaps and cavities still can be seen in the 187 morphology of both fractured P60W40 and P60W20L20 composites. These features are 188 mostly associated to a physical phenomenon of shrink during composite polymerization.
189
Lignin addition was not able to suppress cavity/gap formation; moreover, lignin was not Three main peaks were observed in the dW/dt curves for all composites (Fig.2b) As can be seen in the DSC analysis the composites showed differences between the 244 melting ( Fig. 3a) and crystallization (Fig. 3b) temperatures. 
263
On the other hand, higher replacements of wood by lignin (P60W28L12 and P60W20L20)
264
kept Tc temperatures similar to neat polypropylene which indicates that lignin could 265 decrease the excessive nucleation sites, also confirmed from higher Tm observed for these 266 composites. properties of the composites without and with addition of unmodified, low-cost kraft 337 lignin were investigated.
267

338
The parameter related to saturation of color (C*) decreased from 7.5 to 1.5 with lignin Overall, water resistance of composites after 2 and 24 h of submersion, increased with 344 lignin incorporation. Furthermore, all composites containing lignin had temperatures at 5 and 10% mass loss shifted toward higher temperatures compared to wood/polypropylene. 17. Ago, M., Huan, S., Borghei, M., Raula, J., Kauppinen, E.I., Rojas, O.J.: High-
